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(54) Hydrogen refinement apparatus 

(57) The present specification disclosed a hydrogen 
refinement apparatus comprising a reformed gas feed- 
ing part containing at least a hydrogen gas and water 
vapor, and a reaction chamber equipped with a carbon 
monoxide shifting catalyst body downstream said 
reformed gas feeding part, wherein said carbon monox- 
ide shpng catalyst body comprises a carrier supporting 
Pt, the carrier being composed of at least one metal 

PIG.l 



oxide having 'a BET specific surface area of 10 m 2 /g or 
more, and a method for operating the apparatus. The 
present Invention provides Improved heat- resistance of 
the CO shifting catalyst body, and can operate stably 
even if the apparatus is activated and stopped repeat- 
edly. 
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Description 

BACKGROUND OF THE INVENTION 

5 [0001] The present invention relates to a hydrogen refinement apparatus, which refines a reformed gas containing 
hydrogen as the main component and, in addition, CO and provides a hydrogen gas of high purity. 
[0002] As the hydrogen source for a fuel ceil, a reformed gas obtained by reforming hydrocarbons, alcohols, ethers 
and the like. In the case of a solid polymer type fuel cell operating at a lower temperature of 100° C or less, there is a 
fear that a Pt catalyst used in an electrode is poisoned by carbon monoxide (CO) contained in the reformed gas. When 

10 a Pt catalyst is poisoned, the reaction of hydrogen is disturbed and the power generation efficiency of the fuel cell 
decreases remarkably, therefore, it is necessary to lower the concentration of CO to 1 00 ppm or less, preferably 10 ppm 
or less. 

[0003] Usually, for removal of CO, CO and water vapor are subjected to a shift reaction for conversion into carbon 
dioxide and hydrogen, in a CO shifting part equipped with a CO shifting catalyst body. By this conversion, the CO con- 
is centration can be reduced to a concentration of about several thousands ppm to about 1%. Then, CO is removed to 
about 10 ppm level causing no adverse influence on the fuel cell, by adding a slight amount of air and utilizing a CO 
selective oxidation catalyst body. 

[0004] Herein, for sufficient removal of CO, it is necessary to charge oxygen in an amount of 1 to 3-fold of the 
amount of CO to the above-mentioned CO selective oxidation catalyst body, and hydrogen is also consumed in an 

20 amount corresponding to the amount of oxygen. That is, when the CO concentration is high, the amount of oxygen to 
be added also increases and the amount of hydrogen consumed increases, leading to significant reduction in the effi- 
ciency of the whole apparatus. Therefore, it Is necessary to decrease sufficiently CO In the CO shifting part. 
[0005] Conventionally, there have been used, as the CO shifting catalyst, copper-zinc-based catalysts, copper- 
chromlum-based catalysts and the like for lower temperatures, which can be used at 150 to 300° C, and Iron-chromlum- 

25 based catalysts and the like for higher temperatures, which can function at 300° C or more. Further, there have been 
used CO shifting catalysts singly, or combinations of CO shifting catalysts for higher temperatures and for lower tem- 
peratures, depending on use conditions for chemical plants and hydrogen generating apparatuses for fuel cell. 
[0006] When the above-mentioned copper-based CO shifting catalysts for lower temperatures are used as the 
main catalyst, extremely high catalytic activity Is obtained, however, there is a need to perform reduction treatment 

30 before use to give activation. Further, due to heat generation during the activation treatment, the treatment has to be 
conducted over a long period of time while controlling the feeding amount of a reduction gas, for example, so that the 
temperature of the catalyst does not exceed the heat-resistant temperature. Moreover, there Is a possibility that a CO 
shifting catalyst once activated is oxidized again and deteriorated when oxygen is introduced into the apparatus in stop- 
ping and the like. Therefore, countermeasures are required such as prevention of oxidation. Also, since the CO shifting 

35 catalyst for lower temperatures is inferior in heat-resistance, and the catalyst can not be heated steeply or acutely in 
starting the apparatus, it is required to increase the temperature gradually. 

[0007] On the other hand, when only the CO shifting catalyst for higher temperatures Is used, heating In starting 
has no difficulty, since there is no problem when the temperature increases somewhat excessively due to high heat- 
resistance thereof. However, since the CO shifting reaction is an equilibrium reaction depending on temperature, when 
40 a CO shifting catalyst functioning only at higher temperatures is used, it is difficult to control the CO concentration of a 
shifted gas to 1% or less. In addition, there is also a problem that purification efficiency lowers in a CO purification part 
connected to the downstream of the CO shifting part 

[0008] As described above, since a longer time is necessary for activation of a shifting part in a hydrogen generat- 
ing apparatus and handling of the shifting part Is complicated In conventional technologies, a hydrogen generating 
45 apparatus suitable for frequent repetition of starting-up and stopping cannot be provided. 

[0009] Accordingly, an object of the present invention is to solve the above-mentioned problems and, in concrete, 
to provide a hydrogen refinement apparatus, In which activation treatment of a CO shifting catalyst Is easy and influ- 
ences by oxygen introduction during the repetition of starting-up and stopping of operation are decreased, and which 
operates stably for a longer period of time. 

so 

BRIEF SUMMARY OF THE INVENTION 

[0010] The present invention relates to a hydrogen refinement apparatus comprising a reformed gas feeding part 
for feeding a reformed gas containing at least a hydrogen gas and water vapor and a reaction chamber equipped with 
ss a carbon monoxide shifting catalyst body positioned downstream from said reformed gas feeding part, wherein said 
carbon monoxide shifting catalyst body comprises a carrier composed of at least one metal oxide having a BET specific 
surface area of 1 0 m 2 /g or more and Pt supported or carried ther on. 

[001 1 ] tt is effective that the BET specific surface area of the above-mentioned earner is 250 m 2 /g or less. 
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[0012] Further, ft Is effective that the above-m ntioned metal oxide Is at least one oxide of one selected from the 
group consisting of Mg, Al, Si, Ca, Tl, Cr, Fe, Zn, Y, Zr, Nb, Mo, Sn, Ba and lanthanoid. 
[0013] Furthermore, it is effective that the above-mentioned metal oxide is an oxide containing Ce. 
[001 4] In the case, It Is effective that the above-mentioned metal oxide further contains Zr. 

[0015] Further, in the hydrogen refinement apparatus of the present invention, it is effective that the above-men- 
tioned carbon monoxide shifting catalyst body comprises a carrier supporting Pd, Rh or Ru in an amount of 0 1 to 0 5% 
by weight based on Pt, in addition to PL 

[001 6] Also, the present invention relates a method for operating the above-mentioned hydrogen refinement appa- 
ratus. Namely, the present invention relates to a method for operating a hydrogen refinement apparatus comprising a 
reformed gas feeding part for feeding a reformed gas containing at least a hydrogen gas and water vapor, and a reac- 
tion chamber equipped with a carbon monoxide shifting catalyst body positioned downstream from said reformed gas 
feeding part: aforementioned carbon monoxide shifting catalyst body comprising a carrier composed of at least one 
metal oxide having a BET specific surface area of 1 0 m 2 /g or more and Pt supported thereon, wherein the temperature 
of aforementioned carbon monoxide shifting catalyst body is controlled from 150 to 450° C. 

[0017] In this method, it is effective to control the temperature of the upstream side part of the above-mentioned 
carbon monoxide shifting catalyst body higher than that of the downstream side part of the carbon monoxide shifting 
catalyst body. 

[0018] Further, it is effective to feed a reformed gas containing 24 to 50% by volume of water vapor. 
20 BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWING 
[0019] 

Fig. 1 is a schematic longitudinal sectional view showing the constitution of a hydrogen generating apparatus con- 
25 taining a hydrogen refinement apparatus of the present Invention. 

Fig. 2 is a schematic perspective view of the carriers in the form of a pallet. 
Fig. 3 Is a schematic perspective view of a carrier in the form of a honeycomb. 
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DETAILED DESCRIPTION OF THE INVENTION 



[0020] The present invention will be illustrated with the following typical embodiments, by referring to drawings. 
[0021] Fig. 1 Is a schematic longitudinal sectional view showing the constitution of a hydrogen generating appara- 
tus containing a hydrogen refinement apparatus of the present invention. In Fig. 1, a raw material gas feeding part 1 
feeds a raw material gas comprising a fuel and water vapor. This hydrogen generating apparatus comprises a reforming 

35 reaction chamber 3, CO shifting chamber 6 and CO purifying chamber 1 1 . The apparatus further comprises a heat 
exchange fin 2, reforming catalyst body 3a f heating burner 4, exhaust port 5, CO shifting catalyst body 6a, thermocou- 
ple 7, temperature controller 8, cooler 9, air feeding part 10, CO purifying catalyst body ha and discharge port 12. The 
periphery of necessary portions of the reaction chamber may be covered with a heat insulating material composed of 
ceramic wool to keep the reaction chamber at constant temperature (not shown). 

40 [0022] The CO shifting catalyst body 6a is prepared by impregnating an alumina carrier in the form of a pellet 
shown in Fig. 2 with a Pt salt. As the reforming catalyst body 3a, a Ni-based catalyst usually used is employed, and as 
the CO purifying catalyst body 1 1 a, a Pt-based catalyst is used. 

[0023] In Fig. 1 , the reforming catalyst body 3a and the CO purifying catalyst body ha are also shown for explana- 
tion of the basic mechanism of the hydrogen refinement apparatus of the present invention. 

[0024] Then, operations and properties of the hydrogen generating apparatus containing the hydrogen refinement 
apparatus of the present invention will be described. In the hydrogen generating apparatus shown in Fig. 1 , the hydro- 
gen refinement apparatus of the present invention corresponds to the CO shifting chamber 6. 

[0025] As the fuel used for generating a reformed gas to be fed to the hydrogen refinement apparatus, there are 
natural gas, methanol, gasoline and the like for example. As the reforming method, there are a vapor reforming method 
in which water vapor is added, a partial reforming method in which air is added, and the like. In this example, a case will 
be described in which natural gas is vapor-reformed to obtain a reformed gas. 

[0026] A mixture of natural gas and water vapor is fed from the raw material gas feeding part 1 and preheated by 
passing through a route heat-exchanged by the heat exchange fin 2 and, then, allowed to contact with the reforming 
catalyst body 3a. The reforming catalyst body 3a has been heated at 500 to 800° C by the heating burner, and the raw 
material gas is converted into hydrogen and CO and carbon dioxide at a conversion ratio of approximately 100%. 
[0027] The composition of the reformed gas somewhat changes depending on the temperature of the reforming 
catalyst body 3a Usually, In terms of the average composition excepting water vapor, the reformed gas contains about 
80% of hydrogen, about 1 0% of carbon dioxide and about 1 0% of carbon monoxide. This reformed gas is fed to the CO 
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shlting cata*st body Sa. to cause a reaction *~ «^ 

rt about 150 to ^° C ^^™^ * optimum by detecting the ten,- 

reformed gas Is ^^^Jj, ^J^Sd™ catalyst body 6a with the thermocouple 7 and controlling the output 
perature of the w ° h the temperature controller 8 having feed back mechanism, 

of a cooing fun attached to the coc er 9 * " co 8hW catalyst body 6a is 

[0028] The CO concentration ^J^^jgS^ an 0 ^ ge n in an amount corresponding to 3-fold of the 
0.5%. Therefore, after m.xmg the shifted gas wrt i a '*°™ ng *J» ^ ^ , , n the CO purifying cat- 

CO concentration of the shifted gas^ J ■ « ga's Med through the discharge port 1 2 to a fuel ceil, 

aiyst body 1 1 . CO is removed 0 ^^ZZa apparatus containing the hydrogen refinement appa- 

srir ^ °° — • -*« body 1 1 a - ,s the ,eature °' 

the present invention, will be illustrated ^ta.l; depending on temperature, and the CO concentration 

I0 030] The CO sWfting "^^^^^i^^,^ On the other hand, the reaction rate is 
can be decreased further when V ^^ a '^^^Z the CO concentration is decreased as lowered as 
decreased at lower temperature catalys ts. copper-chromium cataVsts and the 

rjl" ' ^'.rZa tb^SiuXS, produ" on heat ot there* and g™— — « K—T » 
Further, noble metals lend to be reduced activation over a tons period of Urn. while passing 

rszz r^, 8 ^.. , Sed sss — -» » ■ - - 

allowed to r»ss lor «.™rd minutes after Wins I °j I «» L~!Jj* „ ,„ e llK . „,„ „„„ , CO shifting reaction, however, 
dioxide proceeds as the side reaction of the ?°J™JJ2~L, of th e wn0 le apparatus. Usually, in the temperature 

group consisting of Mg, Al, SI, Ca, Ti, cr, he, -tin, t. cv t mu, ^ , 
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reformed gas after filling of the catalyst as In the case of a Cu-based CO shifting catalyst 

[0038] When the BET specific surface area of a metal oxide and complex metal oxide is less than 10 m 2 /g, Pt is not 
fully adsorbed, the degree of dispersion of Pt decreases, consequently, no sufficient catalyst activity is obtained. Fur- 
ther, when the amount of supported Pt is reduced to decrease the particle size of Pt, the number of active points 

5 decreases and sufficient activity is not obtained. 

[0039] Examples of specific metal oxides include alumina, silica, silica alumina, zirconia, titanla, zeolite and the like, 
particularly from a viewpoint that high activity can be obtained. These metal oxides may be used alone, respectively, or 
in combination of two or more in a ratio, which does not deteriorate the effect of the present invention. 
[0040] The reason for high activity of these metal oxides is that these oxides relatively stable against alkalis and do 

io not change by an acidic or basic Pt salt. If a metal oxide and the like change by a Pt salt, Pt is buried into the metal oxide 
and the like to reduce the activity. 

[0041] Further, the above-mentioned metal oxide is preferabry an oxide containing Ce. The reason why cerium 
oxide Is preferable will be explained below. In cerium oxide, the difference between trtvalent Ce and tetravalent Ce Is 
small, and they are easily oxidized and reduced. Accordingly, it is known that oxygen in cerium oxide easily transfers in 

15 the lattice, and easily react simultaneously. On the other hand, since Pt is facilitated to adsorb CO, when Pt is supported 
or carried on cerium oxide, the adsorbed CO reacts with oxygen in cerium oxide to give carbon dioxide. The source of 
oxygen thus consumed is in air in usual air atmosphere, while the source is water vapor in a reformed gas atmosphere. 
Therefore, In a hydrogen refinement apparatus, a water molecule Is deprived of oxygen and release hydrogen there- 
from. Namely, an aqueous gas shift reaction will proceed in which CO reacts with water vapor to produce carbon dioxide 

20 and hydrogen. That cerium oxide is facilitated to have a hydroxyl group on the surface thereof Is a cause promoting 
depriving oxygen from water vapor. As apparent from the above-mentioned description, due to necessity of contact of 
Pt with cerium oxide, Pt is dispersedly supported on a cerium oxide carrier having high specific surface area, to obtain 
high ability. Also, Ce has effects to suppress or inhibit a methanization reaction on a Pt catalyst and to improve activity 
at lower temperatures against a CO shifting reaction. 

25 [0042] Further, when cerium oxide Is complicated with zirconia (Zr), lanthanum (La) and/or zinc (Zn) and the like, 
lattice failures increase facilitating transfer of oxygen in the lattice. In other words, in an oxide of cerium and Zr, La and 
/or Zn, oxygen transfers easily. Also, the heat resistance of cerium oxide having relatively low heat resistance can be 
improved. 

[0043] As the raw material of Ce, nitrate salts, acetate salts, hydroxides and the like are exemplified. However, when 
30 the addition amount of Ce is large, the BET specific surface area of a metal oxide may be less than 10 m 2 /g depending 
on the preparation method, and in this case, high activity is not obtained. 

[0044] As. described above, since cerium oxide Itself has relatively lower heat resistance, the heat resistance Is 
improved by complication with Zr. Namely, composite metal oxides containing Ce and Zr are preferable. Also, there is 
no specific restriction on the method to complicate cerium oxide with Zr, and there can be used, for example, a co-pre- 
35 cipitation method, sol-gel method, alkoxide method and the like. Further, Zr may be incorporated into cerium oxide, or 
cerium may be incorporated into zirconium oxide. 

[0045] Further, when one selected from Pd, Rh and Ru is added In an amount of 0.1 to 0.05-fold based on the 
weight of Pt, further higher activity is obtained. Since these noble metal elements facilitate a methanization reaction, 
they alone cannot easily obtain higher ability as the CO shifting catalyst, but complication thereof with Pt can Improve 
40 the ability of a Pt catalyst For smooth reaction of CO on the Pt, there needs some active points remained on the Pt 
However, CO has higher affinity to Pt than the other molecules and tends to close the active points on the Pt Such tend- 
ancy is remarkable as the temperature is lower. By adding the slight amount of Pd, Rh and /or Ru, the above-mentioned 
phenomenon can be inhibited. 

[0046] When these noble metals are added in an amount of more than 0.5-fold based on the weight of Pt, proper- 
45 ties of the noble metals emerge and the methanization reaction becomes remarkable, preferabry, and when less than 
0.1 -fold based on the weight of Pt, the effect of addition does not appear at all. 

[0047] The hydrogen refinement apparatus of the present invention exhibits particularly high ability if the tempera- 
ture of the CO shifting catalyst body 6a Is controlled from 150 to 450° C. In the CO shifting reaction, the CO concentra- 
tion decreases further at lower temperature from the equilibrium point of view. And, when over 450° C, the CO 
so concentration cannot be fully decreased and an amount of the methane generated increases to reduce the efficiency 
of hydrogen generation. On the other hand, at a lower temperature of less than 150° C, the CO concentration increases 
from the viewpoint of the reaction rate. 

[0048] Further, when the temperature of the downstream side part of the CO shifting catalyst body 6a is controlled 
to be lower than the temperature of the upstream side part thereof by cooling the downstream side part of the CO shift- 
55 lng catalyst body 6a, particularly high ability Is obtained. Since the CO shifting reaction Is an exothermic reaction, the 
reaction heat generated in the upstream side part of the CO shifting catalyst body 6a is transmitted via the reformed 
gas to the downstream side part. Therefore, the temperature of the downstream side part of the CO shifting catalyst 
body 6a is easy to be higher than that of the upstream side part, and even if the CO concentration is fully decreased in 
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the upstream side part, the CO concentration Increases In the downstream side part having higher temperature again 
* by a reverse reaction. Therefore, by controlling the temperature of the downstream side part to be lower than the tem- 
perature of the upstream side part, the reverse reaction can be suppressed or Inhibited. 

[0049] Herein, the temperature of the upstream side part of the CO shifting catalyst body 6a and the temperature 
5 of the downstream side part of the CO shifting catalyst body 6a are average temperatures of the upstream side half and 
the downstream side half, respectively, or in the case of division into the upstream, middle stream and downstream, the 
average temperatures of the upstream and downstream, respectively. When the temperature of the most upstream part 
lowers exceptionally by cooling only the most upstream part, the average temperature of the upstream part excepting 
the this most upstream part is regarded as the temperature of the upstream part 
io [0050] Further, when the amount of water vapor contained in a reformed gas is from 24 to 50% by volume, partic- 
ularly high activity is obtained. It Is more preferable from the equilibrium point of view when the average content of water 
vapor in the reformed gas s higher, and specifically, the CO concentration fully decreases when water vapor is con- 
tained In an amount of 24% by volume or more. On the other hand, when the water vapor content Increases, the flow 
rate increases causing a disadvantage in the reaction rate, and specifically, when the content is more than 50% by vol- 
75 ume, the CO concentration cannot be decreased sufficiently 

[0051] The amount of water vapor contained in a reformed gas can be controlled by the amount of feeding water 
since the water vapor amount can be increased by addition of water at intermediate part between a reforming chamber 
and a shifting chamber. 

[0052] In this embodiment, the case has been illustrated in which a carrier is in the form of a pellet, and the CO shift- 
20 Ing catalyst body 6a Is produced by impregnation of a Pt salt, however, the CO shifting catalyst body 6a may be 
obtained by making a slurry of a catalyst body, which had been prepared previously by supporting Pt onto an alumina 
powder, and by coating this slurry on a carrier composed of a heat-resistant metal material such as cordierite, mullite 
and the like. Also In this case, a shifting catalyst body having the same ability is obtained. In this case, the amount of a 
metal powder may be decreased for coating only on the surface. Alternatively, by using a material having strong heat 
25 Impact-resistance as the carrier, cracking or break of a catalyst body caused by heat Impact due to startlng-up and stop- 
ping is inhibited. 

[0053] Further, also the carrier may be In the form of honeycomb as shown Fig. 3 In addition to the pellet form 
described above. In the case of honeycomb form, geometrical surface area per unit volume increases and contact area 
between the CO shifting catalyst body and the reformed gas increases, consequently, more efficient reaction can be 
30 conducted. In the case of a carrier in the form of a pellet, it is also possible that a catalyst is filled in a column and the 
like and a reformed gas is passed through it to carry out the shift reaction. 

[0054] Moreover, there Is no specific restriction also on the catalyst constituting the reforming catalyst body 3a, and 
those catalysts which can reform a fuel such as noble metal-based catalysts, other transition metal-based catalysts and 
the like can be widely used. Also as the fuel and reforming method, other fuels may be used, and a partial reforming 
35 method in which a part of a fuel is oxidized by addition of air may be used. 

[0055] The fellowing examples illustrate the present further in detail below but the present invention is not limited 
thereto. 

EXAMPLE 1 . 

40 

[0056] Metal oxides or composite metal oxides 1 to 34 having compositions shown In Table 1 were molded Into pel- 
lets having a diameter of 6mm and a height of 3 mm. Then, these pellets were mixed into a 4 wt% (on the basis of Pt 
weight) solution of dinitrodiammineplatinum {Pt(N0 2 )2(NH3) 2 ) in nitric acid, placed in an electric oven as they were, and 
sintered at 500° C for 1 hour in air to prepare CO shifting catalyst bodies comprising samples 1 to 34. The BET specific 
45 surface areas of these samples measured previously are shown in Table 1 . 

[0057] Then, the samples 1 to 34 were used as the CO shifting catalyst body 6a In the hydrogen refinement appa- 
ratus shown in Fig. 1 , and the catalytic abilities thereof were evaluated. 

[0058] First, methane, which Is the main component of natural gas, was used as a fuel and water vapor In a volume 
3-fold based on methane was mixed and introduced into the raw material gas feeding part 1. The reformed gas after 
so passing through the heated reforming catalyst body 3a contained 80% of hydrogen, 1 1 % of CO and 9% of carbon diox- 
ide. The content of water vapor was measured by the dew point of the reformed gas to find it was 25%. This reformed 
gas was fed to the CO shifting catalyst body 6a, and the CO concentration of the shifted gas after passing through the 
CO shifting catalyst body 6a was measured by gas chromatography. The results are shown in Table 1 . 

55 
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Table 1 



Sample No. 


(Composit ) Metal oxide 


BET specific surface 
area (rrr/g) 


CO cone. (%) 


1 


MgO 


52 


0.30 


2 


AI2Q3 


121 


0.20 


3 


Si0 2 


84 


0.25 


4 


CaO 


32 


0.50 


5 


Ti0 2 


93 


0.20 


6 


Cr 2 0 3 


41 


0.30 


7 


Fe 2 0 3 


21 


0.80 


8 


ZnO 


74 


0.40 


9 


Y 2 0 3 


42 


0.60 


10 


Zr0 2 


111 


0.15 


11 


NbO s 


86 


0.30 


12 


M0O3 


15 


0.80 


13 


Sn0 2 


35 


0.70 


14 


BaO 


12 


0.90 


15 


La20 3 


81 


0.40 


16 


Pr 2 03 


75 


0.35 


17 


Nd 2 0 3 


88 


0.45 


18 


Snr^Og 


62 


0.40 


19 


Eu 2 0 3 


55 


0.35 


20 


G02O3 


45 


0.55 


21 


Tb 2 0 3 


61 


0.70 


22 


Dy 2 o 3 


79 


0.60 


23 


Ho 2 0 3 


75 


0.40 


24 


Er 2 P3 


82 


0.40 


25 


Tm20 3 


77 


0.50 


26 


Yb 2 O a 


43 


0.65 


27 


Lu 2 0 3 


34 


0.70 


28 


Type A zeolite 


415 


0.20 


29 


Type X zeolite 


253 


0.30 


30 


Type Y zeolite 


325 


0.25 


31 


Mordenite 


151 


0.35 


32 


ZSM-5 


132 


0.20 


33 


Type p zeolite 


255 


0.30 


34 


Silica alumina 


212 


0.15 
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EXAMPLE 2 

* 

[0059] Mixtures of an alumina powder with a saturated aqueous solution of cerium nitrate were placed in an electric 
oven, sintered at 500° C for 1 hour in air, to complicate alumina with Ce. Then, the mixing ratios of an alumina powder 
5 with an aqueous cerium nitrate solution were varied corresponding to the compositions of the metal oxides shown in 
Table 2 to prepare samples 35 to 37 having compositions shown In Table 2. 

[0060] The samples were molded into pellets having a diameter of 6 mm and a height of 3 mm, then, these pellets 
were mixed Into a 4 wt% solution of dlnitrodlammlneplatinum (Pt(NO z )2(NH3) 2 ) In nitric acid, and sintered In an electric 
oven at 500° C for 1 hour in air to prepare CO shifting catalyst body comprising samples 35 to 37. 
to [0061] Then, the CO shifting catalyst bodies were filled Into the hydrogen refinement apparatus shown in Fig. 1 , the 
reformed gas was fed, and the CO concentrations after passing through the CO shifting catalyst bodies 6a were meas- 
ured by gas chromatography, in the same manner as in Example 1. The results are shown in Table 2. 

EXAMPLE 3 

75 

[0062] Ammonia was added to a saturated aqueous solution of cerium nitrate to cause co-precipitation, and the 
product was sintered in an electric oven at 500° C for 1 hour in air atmosphere, to prepare a sample 38 (cerium oxide). 
Then, zirconyl nitrate and cerium nitrate were mixed corresponding to the compositions of metal oxides shown in Table 
2 and ammonia was added thereto for co-precipitation to prepare samples 39 and 40. 

20 [0063] These samples were molded into pellets having a diameter of 6 mm and a height of 3 mm, then, mixed into 
a 4 wt% solution of dinitrodiammineplatinum (PtfhK^fNHsfe) in nitric acid in the same manner as in Example 1 . Then, 
these mixtures were sintered in an electric oven at 500° C for 1 hour in air atmosphere to prepare CO shifting catalyst 
bodies comprising samples 38 to 41 . They were filled as the CO shifting catalyst body 6a into the hydrogen refinement 
apparatus shown In Fig. 1 , the reformed gas was fed, and the CO concentrations after passing through the CO shifting 

25 catalyst bodies 6a were measured by gas chromatography, in the same manner as in Example 1 . The results are shown 
In Table 2. 

[0064] This hydrogen refinement apparatus was operated for 2000 0 hours, and the CO concentrations after pass- 
ing through the CO shifting catalyst bodies 6a were measured again, to find that the CO concentrations after passing 
through the CO shifting catalyst bodies 6a when the samples 38, 39 and 40 were used were 0.1 9%, 0.15% and 0.15%, 
30 respectively. 



Table 2 



Sample No. 


(Composite) Metal oxide 


BET specific surface 
area (m 2 /g) 


CO cone. (%) 


35 


AI 9 CeO x 


115 


0.18 


36 


AI 5 Ce s O x 


100 


0.17 


37 


AfeCeyO* 


90 


0.16 


38 


Ce0 2 


80 


0.13 


39 


CegZrO x 


85 


0.14 


40 


Ce 7 Zr 3 O x 


90 


0.15 


41 


CeZr 4 O x 


88 


0.15 



EXAMPLE 4 

50 [0065] The CO shifting catalyst bodies 6a were produced in the same manner as in Example 1 except that cerium 
oxide carriers having different BET specific surface areas as shown In Table 3 were produced by controlling the sinter- 
ing temperature. Then, the reformed gas was fed to the CO shifting catalyst bodies 6a, and the CO concentrations of 
the shifted gas after passing through the CO shifting catalyst bodies 6a were measured by gas chromatography, in the 
same manner as in Example 1 . Also after operation of the hydrogen generating apparatus for 1 000 hours continuously, 

55 the CO concentrations of the shifted gas after passing through the CO shifting catalyst bodies 6a were measured by 
gas chromatography. The results are shown in Table 3. 
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Table 3 



Sample No. 


(Composite) Metal oxide 


BET specific surface 
area (rrr/g) 


CO cone. (%) 


CO cone, after 1 000 
hours (%) 


38a 


Ce0 2 


7 


3.2 


3.2 


38b 


CeO z 


9 


1.8 


1.8 


38c 


Ce0 2 


12 


0.45 


0.45 


38 


Ce0 2 


80 


0.13 


0.14 


38d 


CeO s 


240 


0.14 


0.14 


38e 


Ce0 2 


310 


0.66 


0.66 


38f 


Ce0 2 


390 


0.09 


0.89 



EXAMPLES 

20 [0066] The CO shifting catalyst bodies (samples 38g and 3Bh) were produced in the same manner as in the case 
of the CO shifting catalyst body (sample 38) of example 2, except that cerium oxide was obtained by employing cerium 
carbonate or cerium hydroxide in place of cerium nitrate. Then, the reformed gas was fed to the CO shifting catalyst 
bodies 6a In the same manner as In example 1, and the CO concentrations after passing through the CO shifting cata- 
lyst bodies 6a were measured by gas chromatography. The results were 0.16% in case of sample 38g and 0.18% in 

25 case of 38h. 

COMPARATIVE EXAMPLE 1 

[0067] The metal oxides shown in Table 4 were produced by heating alumina in an electric oven. These metal 
so oxides were molded into pellets having a diameter of 6mm and a height of 3 mm, then, these pellets were mixed Into a 
4 wt% solution of dinitrodiamminepiatinum (Pt(N02)2<NH 3 ) 2 ) in nitric acid. These mixtures were sintered in an electric 
oven at 500 ° C for 1 hour In air atmosphere to prepare CO shifting catalyst bodies (samples 42 to 46). 
[0068] Then, they were filled as the CO shifting catalyst bodies 6a into the hydrogen refinement apparatus shown 
In Fig. 1 , the reformed gas was fed, and the CO concentrations after passing through the CO shifting catalyst bodies 6a 
35 were measured by gas chromatography, in the same manner as in Example 1 . The results are shown in Table 4. 



Table 4 



Sample No. 


(Composite) Metal oxide 


BET specific surface 
area (m 2 /g) 


CO cone. (%) 


42 


AI 2 O x 


0.9 


9.5 


43 


AfeO, 


9.5 


1.8 


44 


AI 2 O x 


9 


5 


45 


AI 2 O x 


0.9 


9.5 


46 


AI 2 O x 


8.5 


3.0 



so EXAMPLE 6 

[0069] Alumina, sample 2 produced in Example 1 was molded into a pellet having a diameter of 6mm and a height 
of 3 mm, then, this molded article was mixed into a solution prepared by mixing a Pd salt, Rh salt or Ru salt in given 
ratio into a 4 wt% solution of dinitrodiamminepiatinum (P^NOgfefNH^) in nitric acid, these mixtures were sintered in 
S5 an electric oven at 500° C for 1 hour in air atmosphere to prepare CO shifting catalyst bodies (samples 47 to 61 ) shown 
In Table 5. These CO shifting catalyst bodies comprising samples 47 to 61 were used as the CO shifting catalyst bodies 
6a in the hydrogen refinement apparatus shown In Fig. 1, and evaluated, in the same manner as in Example 1. The 
results are shown In Table 5. 
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Table 5 



5 



20 



25 



Sample No. 


Noble Metal added 


Weight per 1 g of Pt 


CO cone. (%) 


Methane conc.(%) 


47 


Pd 


0.08 


0.20 


0.01 


48 


Pd 


0.1 


0.17 


0.01 


49 


Pd 


0.3 


0.15 


0.02 


50 


Pd 


0.5 


0.16 


0.04 


51 


Pd 


0.6 


0.50 


1.8 


52 


Rh 


0.08 


0.20 


0.01 


53 


Rh 


0.1 


0.18 


0.01 


54 


Rh 


0.3 


0.17 


0.04 


55 


Rh 


0.5 


0.13 


0.08 


56 


Rh 


0.6 


0.60 


3.01 


57 


Ru 


0.08 


0.20 


0.01 


58 


Ru 


0.1 


0.15 


0.01 


59 


Ru 


0.3 


0.13 


0.04 


60 


Ru 


0.5 


0.16 


0.09 


61 


Ru 


0.6 


0.80 


4.05 



EXAMPLE 7 

30 [0070] The sample 2 comprising platinum supported by the alumina pellet in Example 1 was filled in the hydrogen 
refinement apparatus shown in Fig. 1 as the CO shifting catalyst body 6a. 50 liter/min. of methane and 150 liter/min. of 
water vapor were introduced at the raw material feeding part 1 , and they were heated by the heating burner 4 so that 
the temperature of the reforming catalyst body 3a reached about B00° C to cause reaction. The produced gas after 
passing through the reforming catalyst body 3a was measured by gas chromatography to find that it contained, except- 
as Ing water vapor, about 80% of hydrogen, about 11% of CO, about 9% of carbon dioxide, and 300 ppm of methane. 
When this reformed gas was passed through the CO shifting catalyst body 6a, the CO concentration changed to -about 
0.20%, and air was Introduced through the air feeding part 10 so as to obtain an oxygen concentration of 2% to cause 
a reaction over the CO purifying catalyst body 1 1, to obtain a CO concentration of 5 ppm. 

[0071] The hydrogen generating apparatus was once stopped, and started-up again. This stopping and starting-up 
40 operation was repeated 1 200 times, and the reformed gas composition was measured to find that the CO concentration 
after passing through the reforming catalyst body 3a was 11%, which had not changed, and after passing through the 
CO shifting catalyst body 6a, the CO concentration was 0.22%, and after passing through the CO purifying catalyst 
body 1 1 , the CO concentration was 6 ppm. 

45 COMPARATIVE EXAMPLE 2 

[0072] A commercially available copper-zinc-based CO shifting catalyst (C18 manufactured by Toyo CCI) in the 
form of a pellet having a diameter of 6 mm and a height of 3mm was filled in the hydrogen refinement apparatus shown 
in Fig. 1 as the CO shifting catalyst body 6a. 50 liter/min. of methane and 150 liter/min. of water vapor were introduced 

so at the raw material feeding part 1 , and they were heated by the heating burner 4 so that the temperature of the reforming 
catalyst body 3a reached about 800° C to cause reaction. The produced gas after passing through the reforming cata- 
lyst body 3a was measured by gas chromatography to find that It contained, excepting water vapor, about 80% of hydro- 
gen, about 11% of CO, about 9% of carbon dioxide, and 300 ppm of methane. When this reformed gas was passed 
through the CO shifting catalyst body 6a p the CO concentration changed to about 0.11%, and air was introduced 

55 through the air feeding part 1 0 so as to obtain an oxygen concentration of 2% to cause a reaction over the CO purifying 
catalyst body 1 1 , to obtain a CO concentration of 1 1 ppm. 

[0073] The hydrogen generating apparatus was once stopped, and started-up again. This stopping and starting-up 
movement was repeated 1200 times, and the reformed gas composition was measured to find that the CO concentra- 
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S^ET** '"T 911 0,6 ref0m,in9 """^ b0<f y3*vvasl1 %. which had not changed, and after passing through 

^ *•£ COnCentrat,on — 1 «- a «er passing though the CO 
body 11, the CO concentration was 520 ppm. ' M '""•"J 0 * 

[0074] As apparent from comparison between the above-mentioned evaluation results of the examples and com- 
parative examples, according to the present Invention, a hydrogen purification apparatus can be proved in whlcS *e 

i 9 ***** body is improved ' and "•** operate ■ and «^ f3 

Claims 

1 " refinement a PP aratus comprising a reformed gas feeding part forfeeding a reformed gas containing at 

iS, L^r 9 H n H 9aS !f T VaP ° r : and 8 reaCti ° n ChSmber eqUipped Wrth a monoxide shmingcatelst 

body posiboned downstream from said reformed gas feeding part, ^aujiysi 

wherein said carbon monoxide shifting catalyst body comprising a carrier composed of at least one metal oxide 
having a BET specific surface area of 1 0 m 2 /g or more and Pt supported thereon. 

2 ' ri?toSffiJ?r n |I!ir i,t aPParatUS in aocordance with c,aim 1 • whe "»" the BET specific surface area of said car- 

3 ' ™« ¥?Z 9 l n . refln * ment a PP ara »"s In accordance with claim 1. wherein said metal oxide Is at least one oxide of 
one selected from the group consisting of Mg, Al. Si, Ca, Ti, Cr. Fe. 2n. Y. Zr. Mb. Mo. Sn. Ba and lanthanoid 

4. The hydrogen refinement apparatus in accordance with claim 1 , wherein said metal oxide contains Ce. 

ss 5. The hydrogen refinement apparatus in accordance with claim 4, wherein said metal oxide contains Zr. 

6. The hydrogen refinement apparatus in accordance with claim 1, wherein said carbon monoxide shifting catalyst 
body composes a earner supporting Pd. Rh or Ru in an amount of 0.1 to 0.5% by weight based on Pt, in additL 

7. A method for operating a hydrogen refinement apparatus comprising a reformed gas feeding part for feeding a 
reformed gas containing at least a hydrogen gas and water vapor and a reaction chamber equipped with a carbon 

shZlSf T** ^ P0SH, ° ned *°™ a '< "formed gasfeedlng pa* 

shifting catafyst body comprising a earner composed of at least one metal oxide having a BET specific surface area 
35 °f 10 rrrVg or more and Pt supported thereon, 

comprising the step of controlling the temperature of said carbon monoxide shifting catalyst body from 1 50 to 

40 ^^i^ operating a hydrogen refinement apparatus in accordance with claim 7. further comprising the step 
of controlling the temperature of the upstream side part of said carbon monoxide shifting catalyst body to more than 
the temperature of the downstream side part thereof. y man 

45 9 " ^S^tT! SI" 9 a , hydr ° 9 . en refi "ement apparatus in accordance with claim 7, wherein said reformed gas 
« containing 24 to 50% by volume of water vapor is fed. 
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